A total of 14,272 urine specimens were examined over one year to determine the validity of direct antimicrobial agent susceptibility testing against ampicillin, amoxicillin-clavulanic acid, cephalothin, gentamicin, norfloxacin, and trimethoprim. A comparison between direct and standardized disk diffusion tests was made for a total of 1,106 urine specimens containing >i1O organisms per ml in pure culture. There were 5,821 individual organism-antimicrobial agent challenges compared for the two testing methods, and there was complete agreement of susceptibility category in 5,492 comparisons (94.3%). Initially, discordant results were reduced from 5.7 to 2.1% when the intermediate category was considered susceptible. Intralaboratory variation was assessed by testing another 453 organisms by the standard National Committee for Clinical Laboratory Standards (NCCLS) method on two consecutive days; there was complete agreement in 96.1% of comparisons. When results of direct and standardized testing were simply classified as susceptible or resistant, there was 1.1% discordance. When simple same-day tests were used together with predictable patterns of susceptibility and resistance, 536 (48.5%) of 1,106 isolates could be identified satisfactorily to the genus or species level. For laboratory reporting purposes, the direct method is equivalent to the standard method when the urine being tested is infected with .105 organisms of a single type per ml. The presence or absence of preexisting antimicrobial agents in urine did not appreciably influence the results. This procedure allows the earlier reporting of susceptibility results and facilitates less expensive identification of many organisms. Costs and benefits need to be determined in each institution.
Urinary infection is the most common disease of the urinary tract and accounts for most of the pathogenic organisms isolated for antimicrobial susceptibility testing in a clinical microbiology laboratory. Many workers believe that primary susceptibility testing can play a significant role in diagnosis. For example, 47% of National Health Service laboratories in the United Kingdom surveyed have adopted this practice (16) . Direct methods for urine cultures have been evaluated by a number of workers (1, 2, 9, 10, 13, 14, 18) . Some do not recommend the procedure, others advocate a variety of conditions for acceptance of results, and still others recommend the process if performed on urine samples from patients of a particular category. The issue remains controversial, since direct inoculation of urine is not a rigidly standardized testing method. We undertook this study in order to clarify the validity of primary susceptibility testing on urine samples received in a microbiology laboratory in 1 year for a broad spectrum of patient types, taking into account the presence or absence of antimicrobial substances in the urine specimen. We also wished to determine whether there were any other advantages, such as assisting in the identification of organisms, associated with a routine direct susceptibility testing format.
MATERIALS AND METHODS
Urine specimens. Samples were cultured promptly after arrival at the laboratory and usually within 2 h of the recorded time of collection. All urine specimens, including clean-voided and catheter-collected specimens, were examined.
Bacterial cultures. Standard methods for urine cultures * Corresponding author.
were used. Horse blood and MacConkey agar plates were streaked with 1 ,ul of urine by using a calibrated loop for bacterial quantification. Urine samples containing >105 CFU of a significant pathogen per ml were regarded as positive (4) for the purpose of setting up standardized susceptibility testing for the comparative study. Presence of antimicrobial agents. To detect antimicrobial substances in each urine sample, antimicrobial test plates were used. These plates consisted of two layers of MuellerHinton agar. The top layer contained 0.06 g of alpha-pnitrophenyl-glycerine per liter (to inhibit swarming of Proteus mirabilis) and a broth suspension (2.5 ml/500 ml) of a stock culture of Staphylococcus epidermidis which was susceptible to all antimicrobial agents used in this study.
With flamed forceps, a 6-mm-diameter paper disk (Whatman International, Ltd., Maidstone, England) was dipped into the urine specimen, touched against the side of the container to drain, and placed on a segment of the antimicrobial test plate. Plates were incubated at 35°C in air and examined after 18 h for zones of inhibition around the disk. Microscopy. Microscopic examination and cell count were performed on well-mixed uncentrifuged urine by using Kova slides with 10 counting grids (Hycor Biomedical Inc., Garden Grove, Calif.). Leukocyte (12) .
(ii) Criteria for initiating direct susceptibility testing. Over the survey period, 12 technicians were rostered on urine microscopy. Direct susceptibility testing was carried out if the technician thought there was likely to be significant bacteriuria, e.g., if microscopy results showed >10 leukocytes per ,ul and an indication of a predominant bacterial type with >10 organisms per high-power field. The presence of many squamous epithelial cells in urine from female patients was considered an indicator of vaginal contamination, and this or any suspicion of mixed bacteria precluded direct susceptibility testing.
(iii) Direct disk diffusion method. When microscopy indicated a need for susceptibility testing, urine samples were plated for direct susceptibility by dipping a cotton-tip swab into the urine, rolling it against the side of the container to express excess fluid, and then spreading the urine evenly over the surface of a Mueller-Hinton agar plate. Antibiotic susceptibility testing was then carried out as for the standardized disk diffusion method (12) . Zone diameters were recorded for each antibiotic, and the density of the bacterial inoculum was noted.
(iv) Interpretation of results from disk diffusion tests. The zone diameters in the direct and standardized disk diffusion tests were measured. Only pure cultures giving distinct zones were accepted for comparison. Interpretative categories were determined from zone sizes by using the NCCLS methodology (12), i.e., susceptible (S), intermediate (I) , and resistant (R). Only gentamicin and norfloxacin results were recorded for Pseudomonas aenrginosa, and only ampicillin and norfloxacin results were recorded for streptococci and enterococci. Staphylococci were tested against penicillin, oxacillin, and norfloxacin, but only the norfloxacin results were included in the tables.
(v) Determination of variability in the standard method. In order to measure our intralaboratory variation in zone size measurement and category interpretation, we tested another 75 gram-positive cocci and 396 gram-negative bacilli by the standard NCCLS method on two consecutive days. These results were then analyzed in the same fashion.
Identification of bacteria. (i) Gram-negative bacilli. If the organism was susceptible to all of the antibiotics tested by the direct method, no antimicrobial agents were present, and the organism was an indole-positive (15) The distribution of differences in zone diameter between the direct and standard methods is illustrated for each antimicrobial agent in Fig. 1 ; it is evident that there is a slight skew toward smaller zone sizes for the direct testing method. For a total of 5,821 test results, there was no difference in zone size in 33.3% of comparisons, and 86.6% of comparisons gave differences of <3 mm. There was a small number of large discrepancies in zone sizes but these were not consistently associated with any particular drugorganism combinations. (Fig. 2) . Table 1 shows the effect of using the NCCLS interpretative guidelines to report categories of S, I, or R and details any shifts in interpretation caused by a change in zone size between the direct and standard method. Total agreement of category (i.e., S--S, I-, R-*R) was high overall at 94.3%, ranging from 77.6% for cephalothin to 99.6% for gentamicin. There was only 1 very major error (S--R), and there were 27 major errors (R--S). The 
FIG. 2. Distribution of differences in zone diameters observed
when the same organism was tested by the standard method on two consecutive days (first-day zone diameter minus second-day zone diameter).
were detected in the urine sample, indicated that there were minimal nonsignificant differences between the two groups (Table 3) . cephalothin and 22 to 26 mm for gentamicin. Thus, all of these variations may cause a change in interpretation of susceptibility category.
In order to put the matter beyond doubt and define the extent to which the differences we observed when comparing direct with standard methods were due to intralaboratory variation (including observer error and zone variation inherent in the NCCLS procedure) rather than to differences in the methods themselves, we then compared on two consecutive days bacteria isolated in pure culture by the standard method. A remarkably similar variability in zone diameters and categories was found. This second study confirms that direct measurement of antibiotic susceptibility is not intrinsically invalid; the results of direct susceptibility testing of the urine sample show no more than the normal variation that one might expect from standard testing techniques.
Our results are based on testing all of the urine specimens received in 1 year at a 500-bed teaching hospital serving diverse patient types. It is advantageous if results can be reported on the day after receipt of the urine specimen and more efficient still if a report can be finalized by determining the organism's identification within the same time frame. A total of 1,070 direct susceptibility tests were omitted from this analysis because they did not meet our predefined criteria, e.g., there was <105 CFU/ml or there was a mixed growth. Nevertheless, many of these isolates provided useful microbiological and clinical information. Furthermore, if dedicated rather than rostered technicians are used to perform microscopy, they are more likely to predict accurately the need for direct antibiotic susceptibility testing.
Direct susceptibility testing aided identification of bacteria when used in conjunction with rapid, same-day tests, thus conferring significant advantages. Overall, close to 50% of isolates in this study did not require full identification by Vitek card or other comprehensive means. Using growth characteristics and colonial morphology supplemented by same-day tests and antibiogram information obtained by direct susceptibility testing, we correctly identified 536 (48.5%) of the 1,106 isolates.
Thus, the routine practice of direct susceptibility testing on urine samples permits the availability of susceptibility results on the following day, i.e., a day earlier than those of tests on pure subcultures, and often helps with the identification of bacteria that have constant patterns of susceptibility to the antimicrobial agents tested. Moreover, the additional labor and costs of performing subculture and identification tests are often avoided.
Whether or not direct susceptibility testing of urine is appropriate in a given institution requires a careful analysis of the costs and benefits of this practice (3, (6) (7) (8) 16 ). Factors to be taken into account include the value of early susceptibility information for clinicians, the cost of setting up direct tests on urine samples that are eventually shown not to require it or to have mixed growths, and the savings made by avoiding standardized subculture and/or identification procedures. Direct testing of urine is most likely to be of value in institutions that routinely perform microscopy on urine and thus can identify specimens with evidence of pyuria and infection with a single bacterial type.
